Ab initio calculations are presented for the vibrational branching ratios in three-photon resonant fourphoton ionization of H 2 via the C 1 ITu state. Energy and internuclear distance dependences of the boundfree electronic transition .matrix element are explicitly included to estimate deviations from the FranckCondon approximation. While our calculated branching ratios confirm certain important trends seen experimentally, some differences remain.
intermediate state by tuning the laser frequency in resonance with the three-photon Q ( 1) transition line. This illustrates the tremendous selectivity achievable in REMPI processes. The kinetic energy of the photoelectrons ejected from this resonant intermediate state was analyzed. These data provide the branching ratios for ionization out of a specific vibrational level v' of the C 1 IIu state into different vibrational level v + of the X 2 I/ state of H 2+. These vibrational branching ratios deviated significantly from the appropriate Franck-Condon factors. Possible reasons for this behavior are the energy and the internuclear distance dependence of the electronic transition moment, autoionization, and perturbations with overlapping, allowed transitions. Autoionization and perturbations are Jess probable due to other considerationsP In this Rapid Communication, we quantitatively assess the role of energy and R dependence of the electronic transition moment on the vibrational branching ratios in these. (3 + 1) REMPI experiments of Pratt, Dehmer, and Dehmer,'2 i.e., Comparison with the measured branching ratios shows good agreement for vibrational branching ratios for v' = 0 and 1 excitations although differences exist between theory and experiment for v' = 2, 3, and 4 excitations.
II. THEORY
An analysis of REMPI cross sections and the related angular distributions requires molecular parameters such as the transition moments and transition frequencies and their incorporation into the dynamics equations. These steps are nontrivial even for the simplest of diatomic molecules H2 and, hence, it is not surprising that very few theoretical calculations have been carried out for molecular REMPI processes. 13 • 14 Our framework for analyzing the dynamics has been presented elsewhere. 15 For the process in Eq. (1), the probability for ejection of an electron in the direction ( (}, cp) 
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From the X 1 I,+ initial state, the dipole allowed intermediate states, at the one-photon level, are of I;i and Ilu symmetry, while those at the two-photon level are of I/, TI 11 , and /:1 11 symmetry. For an overall three-photon Q ( 1) transition, J 0 =J1=1, which restricts J2 to be 1 or 2. Note that the two-photon transition from the Jo= 1 level of the X 1 I 11 + state to the J 2 = 0 level of a I/ -type state is forbidden by parity selection rules. Moreover, the h = 0 level does not exist in TI 11 -and /:1 11 -type states. Of these allowed states, the J 2 = 2 state contributes only if the electronic state is of 11 11 or 1:1, type. In H2, the lowest states of ll 11 and 1:1 11 symmetry are, respectively, the / 1 11 6 and J 1 1:1 6 , which lie at about 14-15 eV above the ground state.l 6 The E, F 1 I 11 + state, on the other hand, is about 12 eV from the ground state. For photon energies hv-4 eV, the detuning (E 12 -E 10 -2hv) for these 11 6 and 1:1 6 states is about 6 eV while that from the E, F 1 I/ state is about 4 e V. Hence, in the preliminary results presented here, we neglect the contribution to Pu from states other than those of I 6 + symmetry. Such contributions will be included in later studies. Neglecting this contribution eliminates the need to calculate any p 11 , if one is interested only in the relative branching ratios. This comes about as p00 =0 for I,+ states with h= 1.
Furthermore, Pll = P-t-I> and ru =f -t-t which, combined with Eq. (3) imply (7) In the absence of saturation as assumed here, the solution of the above equation is P(9)=constxr 11 (9) . (8) Since we are only interested in relative contributions, we shall set the constant in the above equation to unity and use, hereafter, P(9)=f 11 (9) . (9) In the same spirit, we also ignore factors such as the laser intensity in the expression for r 11 (9) [ (10) where (11) denotes the transition moment for the i -f transition at a given internuclear separation R and electron momentum k. In our studies of the non-Franck-Condon effects on vibrational branching ratios, we adopt the following notation. 
These results include both the energy dependence as well as the R dependence of the cross sections and should, therefore, be most complete. In our calculations, the C 1 IIu wave function was obtained using the improved-virtual-orbital (IVO) techniqueP The energies of the C 1 IIu state obtained this way as a function of R are within 5% of the correct values. 16 The continuum wave functions for the photoelectron in u 11 , 1r 11 , and 8 1 channels were calculated by solving the Hartree-Fock equations using the iterative Schwinger variational techniques. 18 rj,"'>(k;R) was then calculated at R = 1, 1.4, 2, 3, and 5 a.u. and for a range of k (0.05-0.45 a.u.). Interrolation was performed in R and in k to obtain required r)/" ( k;R). For part (a), Re= 1.4 a.u. The value of k~ for parts (a) and (b) was determined from Eq. (12) In Fig. 1 we compare the branching ratios calculated at the various levels of approximation (a), (b), and (c) with the experimental results of Pratt et a/. 12 As in the experimental data, we plot P(8 = 0). The results are normalized such that the v 1 = v + peak in all three approximations and in the experiment is of unit height. (Note the break in the graph for the V 1 =v+ peak.) As expected, the vl=v+ peak is dominant. This is due to the Rydberg character of the C 1 1Iu state which makes the potential surface for the C 1 1Iu state nearly identical to (but shifted in energy from) that of the X 2 Ig+ state of Ht. The theoretical branching ratios decrease rapidly for v+ ~ V 1 • The results of approximations (a), (b), and (c) reveal an interesting feature: the branching ratios decrease for v+ < V 1 as the R and k dependences of r}t> are included and increase for v+ > V 1 with these dependences included. The difference between "nonFranck-Condon" and "full" results is simply a reflection of [Note that, since v+ is increasing to the left, k increases to the right as indicated by Eq. (12) .] The difference between Franck-Condon and non-Franck-Condon results arises from the particular R dependence of the photoionization cross section for the C 1 1Iu state. This difference is probably specific for the photoionization process under study and may be different for other states and molecules. We now compare the results of our studies with the data of Pratt et a/. 12 For v 1 = 0 and v 1 = 1 excitations, the agreement between theory and experiment seems quite good. 
